Patellar tendon rupture is a catastrophic complication following total knee arthroplasty (TKA). Though revision TKA has been suspected of being a predisposing factor for the occurrence of patellar tendon rupture, there are few reports on patellar tendon rupture after revision TKA. Here, we present a case of acute patellar tendon rupture that occurred after TKA revision. In the patient, the patellar tendon was so thin and could not be repaired, and accordingly was sutured end to end. We used the anterior tibialis tendon allograft to augment the poor quality patellar tendon tissue. Fixation of the allograft was done by using the bone tunnel created through tibial tuberosity and suturing the allograft to the patellar tendon and quadriceps tendon. The patient was instructed to wear a full extension knee splint and was kept non-weight bearing for 6 weeks after operation. Full knee extension could be achieved 6 weeks postoperatively.
, but inconsistent results associated with various reported operative treatment techniques imply the challenging nature of this complication. There are many surgical treatment options ranging from nonoperative treatment with a brace or cast immobilization to reconstruction or knee arthrodesis 2) . Patellar tendon rupture is a part of extensor mechanism disruption after TKA. The incidence of patellar tendon rupture after primary TKA is reported from 0.17% to 1.4% 3) whereas the incidence after revision TKA has not been reported but perceived much higher. The goals of repair of the ruptured patellar tendon include restoring the functioning quadriceps mechanism and allowing good range of motion (ROM) of the knee, which are best achieved with early mobilization 2) . The patellar tendon in TKA revision (TKAR) is often of very poor tissue quality, and either requires augmentation even if its direct repair is possible or reconstruction using autograft, synthetic graft or allograft 4) . Direct repair and long leg immobilization often fail and lead to re-rupture of the patellar tendon, weakness of the quadriceps muscle or a stiff knee. Therefore, determining the exact cause of patellar tendon rupture and planning proper reconstruction operation for individual patient will lead to better results.
Case Report
An 83-year-old female patient was admitted with left knee pain and no history of disease. She had osteoarthritis in both knees and underwent bilateral TKA. The left knee was replaced 23 years ago and the right was replaced 7 years ago. The radiograph showed severe femorotibial compartment narrowing in the left knee, indicating severe wearing of the polyethylene insert. Radiolucency extended to the tibial shaft and advanced osteolytic lesion was also visible (Fig. 1) dial parapatellar retinacular approach. After radical synovectomy of the thick inflamed, hypertrophic synovium, sufficient joint space was secured to perform surgery without using any revision approach. Inside the joint capsule, severe wearing of the polyethylene insert, metal backed patellar component, and tibial tray was observed and the surrounding synovium became black due to global metallosis (Fig. 2) . After removing the worn prosthesis, all the bones and soft tissue infiltrated by metallosis were debrided and bone preparation using morcellized bone allograft was done. Subsequently, a constrained prosthesis (SIGMA TC3; DePuy Synthes, West Chester, PA, USA) with a 22.5 mm thickness polyethylene was inserted. Neutral alignment of the axis and InsallSalvati (IS) ratio of 0.81 ( Fig. 3) (normal between 0.8 and 1.2) 5, 6) were confirmed on postoperative radiographs. Until 10 days postoperatively, the patient was on her ordinary course of recovery and rehabilitation without any abnormal sign of derangement. Left knee ROM reaching 100 o of flexion starting from full extension was achieved. But, she slipped backward with her left foot still placed on the floor during first ambulation trial, and she could not have her left knee extended afterwards. We checked radiographs of both knees and there was no sign of prosthesis dislocation or fracture, but the IS ratio was 0.51 ( Fig. 4) 7)
. Ultrasound was performed to assess the patellar tendon, which showed discontinuity of the patellar tendon at its tibial insertion, implying a patellar tendon rupture (Fig. 5) . The patient had another operation for reconstruction of the patellar tendon 2 days after the accident.
The same incision was made along the previous incision scar on the left knee, through which we confirmed the patellar tendon was ruptured at distal 1/3 of its length. After minimal debridement, the free ends of tendon were sutured together by 4 nonabsorbable sutures (Fiberwire; Arthrex Inc., Naples, FL, USA) with the knee in full extension. We used the Krackow whip stitch to prepare the tendon (Fig. 6) . Then, we used tibialis anterior allograft tendon of 240 mm length and 15 mm width to augment the patellar tendon. An approximately 3 mm diameter bone tunnel was penetrated at tibial tuberosity in the medial to lateral direction using a 2.8 mm drill bit. The allograft was taken through this tunnel by pulling with the sutures. Two ends of the allograft tendon were sutured to the patellar tendon and lateral and medial patellar retinacula by nonabsorbable Ethibond 2-0 suture with the knee in full extension. The tension of the allograft was maintained maximum in full knee extension. We used C-arm to prevent patellar baja and fracture. After reconstruction, the tension of the left knee and radiography were examined (Fig. 7) . The patient wore a cylindrical splint with the knee in full extension and remained non-weight bearing for 6 weeks. At the last follow-up, 12 months after the patellar tendon reconstruction, the patient could extend the left knee with her own muscle power leaving 10 o of extension lag from 100 o flexion position. But, the IS ratio remained abnormal as 0.53 (Fig. 8) . 
Discussion
In our patient, the initial radiography did not reveal a thin patellar fracture or a patellar avulsion fracture, the mechanical axis was not malaligned, and the implants were in their right position. But, considering her trauma mechanism with sudden hyperflexion injury of the knee and following inability of knee extension, we suspected extensor mechanism disruption. The ultrasound exam showed discontinuity of the patellar tendon and thus an acute patellar tendon rupture was diagnosed. In TKA patients, a patellar tendon rupture can occur intraoperatively, immediately postoperatively, or even thereafter. Excessive tension on the patellar tendon during exposure of a stiff or ankylosed knee can cause avulsion of the tendon from the tibia. The knee prosthesis design and operative technique also play a role in the rupture of the patellar tendon. Some authors reported that malalignment of the component may place excessive stress on the extensor mechanism 2) . In our case, we suspect the poor quality of patellar tendon that was inflamed by the phagocytic activity and osteolysis following metallosis was the main reason of the acute patellar tendon rupture 8) .
There are many options to reconstruct the ruptured patellar tendon: direct primary repair alone by suturing, stapling, or wiring the tendon to the tibial tuberosity; primary repair combined with biologic or synthetic graft augmentation (e.g., gracillis tendon, free fascia lata graft, plantaris tendon, semitendinosus tendon, and medial gastrocnemius rotational muscle flap); and allograft tissue augmentation with extensor mechanism or Achilles tendon. Patellotibial fusion, knee arthrodesis, and even above-theknee amputation are salvage techniques that may be considered if a surgical repair is not possible or if an extensor mechanism reconstruction fails 2) . Since our patient presented with an acute patellar tendon rupture, the first treatment of choice was primary repair by suturing. Primary repair is the best option in acute cases if the tendon tissue is long and durable enough for repair. Rand et al. 9) reported that direct repair of patellar tendon rupture after TKA had variable results in 18 knees: 25% of the patients had successful outcome and the best result was obtained with staple fixation. However, in our case, the patellar was so thin that we could not perform staple fixation during TKAR to prevent a patellar fracture. We used a tendon graft for augmentation of the repair for better results. The fixation method in the distal place was the tibial tuberosity bone tunnel and the proximal place was suture fixation to the patellar tendon and lateral and medial patellar retinacula. There are various augmentation materials including autograft, allograft and synthetic graft. Semitendinosus tendon, gracillis tendon, free fascia lata graft, and gastrocnemius rotational flap are commonly used for autograft 2) . In our patient who was 83 years old and had TKA on the right knee and TKAR on the left knee, autograft was not an option considering the risk of donor site morbidity in elderly TKAR female with poor tissue holding strength. A synthetic graft can be an alternative in such a case because it can be used without the risk of donor site morbidity in TKAR patients with increased risk of infection and poor tissue holding strength. Dacron, Gore-tex polypropylene and other artificial ligaments such as Leeds-Keio ligament can be used as synthetic graft. The loading force after operation can be transferred mainly through the synthetic graft early, and this force is gradually transferred through the biologically adhered graft or healed tendon. In the patient with poor strength of tissue, we could not ascertain the effectiveness of synthetic graft. Allogarft is the best choice for reconstruction in the patient with poor quality host tissue. The advantages of allograft are unlimited supply, various tissue types, absence of donor site morbidity, and superior strength compared to autograft. On the other hand, the disadvantages include immune reaction, disease transmission and poor graft strength 2) . However, disease transmission is rare and can be controlled, and immune reaction can be minimized by using deep fresh frozen allograft 2) . Regarding the tensioning of the patellar tendon, one should be careful not to apply excessive or insufficient tension to the repaired or reconstructed patellar tendon to avoid patellar baja or alta and a patellar fracture. a study that directly compared the results of reconstruction with extensor mechanism allograft and postoperative rehabilitation using two different techniques. The authors surmised that tensioning of the extensor mechanism allograft in full extension is a critical determinant of success and yields a higher rate of clinical success in terms of restoration of full active extension and better walking status without any adverse impact on flexion. Thus, we fixed the allograft in full extension position under maximum tension and used C-arm to prevent patellar baja. Patellar tendon rupture after TKA, especially after TKAR, is difficult to be treated with good results and causes confusion in the selection of reconstruction methods. Exact identification of the cause of rupture and appropriate reconstruction planning using proper augmentation methods, fixation techniques and rehabilitation protocols are crucial for overcoming the unexpected complication and obtaining good surgical outcome. In our patient, prior to the occurrence of the rupture, damage to the patellar tendon tissue was suspected due to the inflammatory reaction and osteolysis following metallosis. Therefore, we chose to repair the patellar tendon with an augmentative tibialis anterior tendon allograft that was considered sufficiently strong to hold the whole repair construct. We suggest that the surgeon should pay extraordinary attention to severe wear or osteolysis during TKAR to prevent patellar tendon rupture.
